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I. ABSTRACT

A number of new base stocks for water-base hydraulic fluids was

prepared and evaluated. The most promising materials - addition products

of ethylene oxide and glycidol to bicyclic aromatic amines and phenols -

were formulated with water soluble pour point depressants, viscosity index

improvers, anti-wear agents, rubber swellers and antifoam agents. These

fluids pass the proposed target specifications. Judged by Falex tests, they

exhibit considerably better anti-wear properties than a currently used

MIL-H-22072 (Wep) fluid.

Ii. INTRODUCTION AND OBJECTIVES

The requirement of the U. S. Navy for a fire-resistant water-base

hydraulic fluid for shipboard use continues to be urgent despite the progress

made during and since World War II.

Water-base hydraulic fluids, developed by the Navy to replace the

flammable petroleum base fluids, consisted originally of a 50% aqueous

solution of ethylene glycol and a polymeric thickener such as polyalkylene

glycol, nmade from a blend of ethylene oxide and propylene oxide or sodium

polymethacrylate. Since World War II, mnany other thickeners have been

developed and ethylene glycol has been replaced by other low molecular

weight glycols as well as glycerine. Formulated fluids of this type exhibit

good fire resistance, provided excessive water loss does not take place;

they have, in general, good corrosion resistance to the usual metals of

construction, but galvanized iron and cadmium coated metals present prob-

lems; these fluids do not have any destructive action on sealing and packing

materials presently used, but they are inferior to the petroleum base fluids

with regard to lubrication properties. Summarizing, future developments

in the field of fire -resistant water-base hydraulic fluids have to be con-

cerned mainly with the improvement of (a) fire-resistant characteristich

of the organic portion of the fluid, (b) lubricity, (c) retention of rust-
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inhibiting properties in presence of sea water, and (d) decreased foaming

tendency of the fluid.

To ojvercome the deficiencies of the fluids presently used, four

classes of compounds were suggested as potential candidates for fire-

resiatart water-base hydraulic fluids.

(1) Oxyalkylated hydroxymethylphosphine oxides,

(2) Oxyalkylated haloarylamines and halophenols

(3) Oxyalkylated toluene diamines, and

(4) Oxyalkylated polyfluoroalcohols and polyfluoroglycols

These proposed classes of compounds contain a multiplicity of hydroxy.

groups which were expected to provide for water solubility and for low

flammability because of high hydr ,xyl to carbon ratios in the aliphatic

moieties. Our four approaches have in common that a number of compounds -

known to be hydralytically staLle and to impart fire-resistance of various

degrees - have' been chose - to serve as initiators for the synthesis of

polyoxyalkylated compounds and as "built-in" antioxidants.

The project was carried out in three distinct phases. The first phase

ing,!ved syntheses of various fluid base stocks and their preliminary eval-

uati' with regard to water solubility, viscosity and pour point of the aq~lutw-

solution, flash- and flamt, points and autogenous ignition temperature. Prod -

ucts which come close to the viscosity specification and passed the other

tests were selected for the second phase of the program and formulated

with viscosity index improvers and pour point depressants to adjust vis-

cosities and pt ir points to target specification. In the third and last phast.,

the most promising candidates which had emerged from phase 2 %ere sub-

jected to fi f', malation with additives such as corrosion inhibitors,

rubber swelling agents, antifoam agents, lubricity improvers and anti-

oxidants. The third phase was concluded with the preparation of four

2-quart sanmples of the most promising iluids and their final exaluations

I
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III. DISCUSSION

A. Preparation, Evaluation and Selection of Fluid Base Stocks

1. Oxyalkylated Hydroxymethylphosphine Oxides (Table 2)

While attempts to oxyalkylate trishydroxymethylphosphine

oxide(I) with ethylene oxide failed, reaction with glycidol (II) proceeded

readily. The reaction products (III) had relatively iow autogenous ignition

temperatures, and consequently were eliminated from further investigations.

O--P(-CHZOH) 3 t 3n HOCHzCH - CHZ -- O<-P -CHzO(C:U4CHCHzO)nH]3
'N /

0 OH

III III

Preparation of (IV) followed by reaction with glycidol also gave products

,CHzOH

IV

having low autogenous ignition temperatures and, consequently, products

of this type were not further investigated.

2. Oxyalkylated Haloarylamines and Halophenols (Table 3)

Polyhalogenated monocyclic aromatic amines failed to react

with ethylene oxide, propylene oxide or glycidol in the presence of either

basic or acidic catalysts. Hence, no further work along these lines was

carried out.

The polychlorinated phenols readily added ethylene or propy-

lene oxides at lbO1C, and glycidoi at 1050C. Surprisingly, these produces

gave low autogenous ignition temperatures and, consequently. were not

further investigated.

3. Oxyalkylated 2,4-Toluene Diamines (Table 4)

Water soluble products were readily obtained frorn 2.4-tolaene

diamine by addition of ethylene oxide, glycidol, or by propylene oxide. follo•.kd
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by glycidol. Large amounts of glycidol .ad to be added to attain aqueous

solutions which had viscosities of less than 2000 cs at 25 "F after being

adjusted to 28 + 3 cs at 150 0F. This, in turn, lowered the autogenous igni-

tion tempe'rature below acceptable levels. Because reproducibility of vis-

cosities could not be achieved, work on this system was terminated.

4. Oxyalkylated Aromatic Dicyclic Amines (Table 3, 6) and
Dicyclic Phenols (Tables 4,5)

In general, oxyalkylated products derived from dicyclic aro-

matic initiators were found to have higher autogenous ignition tempera-

tures than those derived from monocyclic aromatic compounds, Adducts

of hydroxymethyldiphenyl ether (V) had lower autogenous igntion temperatures

than those of hydroxydiphenyl ether (VI) and, thus, were not considered forHO oH * O o0
V VI

further investigations. Chlorinated dicyclic phenols, such as hexachloro-

phene(VIla) and dichlorophene (VIIb) either failed to react with a.kylene

oxides or, if reactir, occurred, the resulting fluids had low autogenous igni-

tion temperatures.

(C)X C1)x
VIla: dichlorophene, x I

HO CH, OH VIIb: hexachlorophene, x 3

VII

In contrast thereto, adducts of methylene bis(2-chloroanhi',lr.

(V1IIa), ,, .. ly had i;tifdaciory autogenous ignition temperatures, but also
X x

HZN t CHZ { ~NH, VIU.a:X =C!
V IIhb: X -H

VID

relatively low viscosities at 25"F in aqueous dilution. Products iron,

methylene dianiline iVIIb) had good autogenous ignition tenmperatures but

poor viscosities and pour points. Attempts to correct this by ethylrnt oxide
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addition improv-d the viscosities and pour points, but lowered t1 I,,.Itoge-

nous ignition temperature to unacceptably low levels.

Products from p-anilinophenol (IX) proved superio: thcs.

from p-phenoxyaniline (X), and, consequently, products derived I X)

were not further investigated.

7ý-NOH 0 ~Q NHz

IX X

Adducts of oxydianiline (XI). and N,N'-diphenyl-p-p ;Ier.e

diamine (XUI)

HZN ja 0 - XI

0 HN0ýaH -Q XIT

had sufficiently attractive properties to v.arrant further investlg.

Products derived from biphenol 1XIM), o-phenylpher X V,

o -phenyl-p-cresol (XV), an(, dihydroxydiphenyl oxide (XVI) wert

enough to warrant further studies.

HO ~~-Q-011

X Ill XIV

- ClIza - 01- HO-O E 0 J -OH

XV XVI

How-ever, adducts of b..phenoi A !\','If, had hi-gh sp

ignit:.on temperat',res, and, consequently, they xere further eval

CH 3

fi) -' OH XVII

CiI)



Page 6

5. Oxyalkylated Polyfluoroalcohols and Polyfluoroglycols (Table 2)

Water soluble products were obtained by oxyalkylation of hexa-

fluoropentane diol (XVIII), octafluoropentanol (XIX, x = 4), and dodecafluoro-

heptanol (XIX, x = 6), but none of these products had sufficiently high spon-

taneous ignition temperatures to warrant further investigations.

HOCHz(CFz) 3CHzOH HOCHz(CFz)xH

XVIII XIX

B. Formulation with Viscosity Index Improvers and Pour Point
Depressants

Based on the physical properties, discussed in Section A, sever.al

products were selected for formulation and further evaluation. These products

were: (1) Oxyalkylated hydroxydiphenyl oxide (VI), (HDO 10-2)(

(2) Oxyalkylated Bisphenol A (XVII), (BA 18-4)G

(3) Oxyalkylate. N,N -diphenyl-p-phenylene diamine (XI1),
(DPD 18-4)•

(4) Oxyalkylated 1, 4' -methylene bis(2-chloroaniline) (VIIIa),
(MOCA 12-8)

(5) Oxyalkylated anilinophenol (X),(AP 18-2) G

(6) Oxyalkylated oxydianiline (XI),(ODA 12-4)

1. Viscosity Index Improvers (Tables 7-13)

The nature of the water-base hydraulic fluids prohibited the

use of commercially available hydrocarbon -soluble viscosity index improvers

but requirLd water soluble additi,,es. In search for suitable candidates, a

variety of alkylene oxide based products was evaluated.

For the sake of brevity, an abbreviated nomenclature will be used from
here on. The numbers following the letters indicate the moles of ethyiene
oxide and glycidol which have been added to the initiator.
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The data compiled in Table 7 indicate that several of such

products were effective for HDO 10-2. The most effective viscosity

index improvers for this system were found to be Ucon 75-H-90,000,

Ucon 75-H-150,000, product D-2220-60a),- Carbowax 600039 and Carbo-

wax 20-M09. While Carbowax 20-M was effective in fairly low concen-

trations, it detrimentally affected the shear stability of some fluids.

Ucon 75 H-150,000 is no longer available and product D-2220-60 is not

available in commercial quantities. Consequently, Ucon 75 H-90,000

appears to be the best overall choice for improving the viscosity index

of HDO 10-2.

Viscosity index improvers which were used with HDO 10-2

formulations were also effective with those of BA 18-4, (Table 8). The

best overall performing additive appears to be Carbowax 6000.

In the case of DPD 18-4, Ucon 75-H-90,000 was found to be

superior to Carbowax 6,000 (Table 9).

Ucon 75-Hi-90,000 was found to be the best viscosity index

improver for MOCA 12-8 (Table 10). In this case, a viscosity at 25°F

as low as 409.4 cs was obtained, This low viscosity prompted us to attempt

sorrm formulation without any viscosity index improvers.

The best overall viscosity index improver for AP 18-2 form-

ulations is Ucon 75-H-90,000. While Carbowax 20-M gave a lower viscosity

at 25°F., it is slightly shear-unstable (Table 11).

Ucon 75-H-90,000 is also the best viscosity index improver

for ODA 12-4 formulations (Table 12). In Table 13, the results of evaluat-

ing several product mixtures are given. No advantage over the individual

components was observed.

0 Nonylphenol, to which ethylene and propylene oxide in a b0/40 weight %
ratio was added. Final viscosity 2220 cs/100 0F.

(T)•Carbowax 6000 and Carbowax 20-M are polyethylene glycols of molecular
weight 6000 and 20,000, respectively.



Page 8

2. Pour Point Depressants (Tables 14-18)

The data compiled in Tables 7 to 13 show that addition of

viscosity index improvers to the selected base stock fluids resulted in

pour points above 0'F. Since the proposed target specifications (Table 1)

require a pour point maximum of 0°F., formulation with pour point depres-

sants was indicated. It was anticipated that addition of pour point depres-

sants would also lower the crystallization points below 0 OF®.

Substantial decreases of both the pour point and crystalliza-

tion point of the fluids were obtained with ethylene glycol and tetraethylene

glycol as pour point depressants. However, both compounds lowered the

autogenous ignition value of the fluid base stock substantially. Marked pour

point depressions were experienced with glycerin, which did not affect the

autogenous ignition too unfavorably. 1,2,6-Hexanetriol, depending on its

concentration, caused either undesirably high crystallization points or high

viscosities at 25'F. Thiodiethylene glycol and the formal of triethylene

glycol monomethyl ether also lowered the autogenous ignition point of the

base stocks to below acceptabie levels. Both tetrafluoropropanol and hexa-

fluoropentanediol failed to lower the pour points of the fluids at all. It

was therefore concluded that glycerin represented the best overall compro-

mise.

Examination of the results compiled in Tables 14 to 18 show

that in each case satisfactory crystallization and pour points of the fluids

were obtained with glycerin. In the case of the DPD 18-4 formulation product

801297-17 (Table 16) organic solids precipitated upon storing. This

eliminated DPD 18-4 from further consideration. While ODA 12-4 formu-

lations were generally satisfactory, the formation of solid polymers could

In this report the crystallization point is defined as the temperature
at which the first crystals (presumably ice) started to form within
the fluid.
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not be avoided in larger batch preparations. For this reason, ODA 12-4

was not further evaluated.

An interesting effect was observed in the case of the MOCA

12-8 formulation. Without glycerin (Table 10), Ucon 75-H-90,000 was the

best viscosity index improver but lost its effectiveness with glycerin pres-

ent (product 801298 B, Table 17). In the latter case, Carbowax 6000 was

the preferred additive (product 810305-10).

C. Final Formulation and Evaluation

Based on the results obtained in the second phase of our investi-

gations, the following fluids were selected for further study:

Fluid Type 1 (product 810450, Table 15):

BA 18-4 base stock 38.4%
Carbowax 6000 9.6a
Glycerin 15.6%
Water 36.4%

Fluid Type 2 (product 810436, Table 14):

HDO 10-2 base stock 38.7%
Ucon 75-H -90,000 9.7%
Glycerin 10.3%
Water 41.3%

Fluid Type 3 (product 810457, Table 16):

AP 18-2 base stock 36.0%

Ucon 75-H-90,000 9.0%
Glycerin 10.3%
Water 41.3%

Fluid Type 4 (product 814353, Table 17):

MOCA 12-8 base stock 40.0%
Glycerin 18.0%
Water 42.0%

Fluid Type 5:

Moca 12-8 base stock 31.5%
Glycerine 19. 1%
Carbowa.x 6000 8.6%
Water 40.7%/
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I. Static Corrosion Tests (Table 19)

Fluids I to 4 (see above) were each formulated with four dif-

ferent anticorrosion packages and tested against 7 different metals. Each

fluid was also tested without an anticorrosion package added. The static

corrosion test was performed according to Military Specification

MIL-H-22072 (Wep) and amendments, December 31, 1963(1). The per-

missible weight change of each test coupon is 4 mg. per coupon. The fol-

lowing four anti-corrosion or inhibitor packages were selected for the tests:

Package 1: Borax. 5 H 2 0, 1.5 %; Nacap (50 % aqueous solution

of the sodium salt of mercaptobenzothiazole), 0.5%.

Package 2: Potassium phosphate KzH PO 4 , 2.0%; aminomethyl-

propanol, 0.25%; Nacap 0.6%.

Package 3: Liquibor 524 (ethylene glycol-borax condensate),

1.0%; Nacap, 0.5%.

Package 4: Borguard (propylene glycol-butynediol-borax con-

densate), 2.5%; Nacap, 0.5%.

The results of the tests are compiled in Table 19 and indicate

that at least two formulations of each of the four products passed the static

corrosion test.

2. Stirring Corrosion Tests (Table 20)

The fluid formulations which passed the static corrosion test

were subjected to the stirring corrosion test according to MIL-H-22072(Wep)(1).

This test permits a maximum weight change of 7 mg. per test coupon. In

addition, successive pairs of panels (e.g. panels 1 and 2, 3 and 4) were in

electrical contact with each other. Results are given in Table 20. While

Fluid Type I (BA 18-4) with inhibitor package 2 passed on a weight change

basis, a phase separation occurred shortly after the start of the test, thus

eliminating this formulation from further consideration. Aiso eliminated

was the formulation of Fluid Type I (BA 18-4) with package 3 as inhibitor
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due to excessive weight change of several test coupons. On the basis of

the static corrosion tests, we then chose the next best formulation (inhibi-

tor package 4) which did not undergo phase separation under test conditions,

(Table 19), for further evaluations.

Fluid Type 2 (HDO 10-2) formu'ated with inhibitor package 3

passed the test and was selected for further ,ormulation.

Two versions of Fluid Type 3 - uninhibited 4nd formulated

with inhibitor package 4 - passed the stirring corrosio'i test. The fluid

containing package 4 was chosen for additional evaluations on the baeis of

its less corrosive action on aluminum.

Fluid Type 4 containing inhibitor package 4 failed in the case

of galvanized steel only. Difficulties in resynthesizing the MOCA 12-8

base stock having a viscosity which allows formulation without a viscosity

improver kept us from evaluating other inhibitor systemrs.

3. Rubber Swelling Tests (Table 21)

The first three runs listed in Table 21 show that the fluid

types 1 to 3 exceeded the permissible 5% rubber shrinkage (1). However,

a series of tests indicated that isodecanol, tridecylalcohol or heavy oxo

fractiona are effective rubber swellers in 1176 conce.ntration in fluids of

type 1. Since both tridecyl alcohol and heavy oxo €-7tction were less solu-

ble than isodecanol, the latter was chosen for the final formulations. Htow-

ever, it should be pointed out that isodecanol is not as effective in a type 2

fluid (last run, Table 21).

octyl alcohols, 51, nonyl alcohol, 101*, decyl and higher alcohols, W5*'.

esters, 4 5 *0 ; soaps, 5'.
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4. Falex Wear Tests (Table 22)

Since lack of lubricity is one of the shortcomings of the

presently used fluids, special attention was focused on better wear charac-

teristics. The tests were performed in a Falex Wear Tester and were

directly compared with the MIL-H-22072 (Wcp) Fluid which was evaluated

for reference purposes. A large take-up and a relatively high weight loss

of the metal parts signified poor wear characteristics of the MIL-H-22072

fluid. Our fluids, not formulated with an antiwear agent, were similar or

even inferior . Therefore, formulation with an antiwear agent was impera-

tive.

The first substantial improvement for a fluid of type 2 was

obtained with 0.4% stearic acid. Since this compound was not sufficiently

soluble in all formulations , octanoic acid was employed as substitute and

proved to be superior to stearic acid in 0.5% concentration. It was there-

fore included in all final formulations. The corrosion inhibitor packages

employed apparently also contribute to the antiwear properties. Thus, a

fluid of type 3, containing package 4 but no octanoic acid, was much superior

to the MIL-H-22072 Fluid and was even more improved on addition of octa-

noic acid. It should be observed that all final formulations described in this

report exhibited substantially better wear properties than the MIL-H-22072

(Wep) type fluid.

5. Foaming Characteristics (Table 23)

The results of this test are compiled in Table 23. They show

that foaming of our products is easily inhibited or controlled by the addition

of 5 to 10 drops of Dowv-Corning Antifoam B per quar' of fluid.

b. Sonic Shear, Compatibility with Sea Water , HiRh Temperature
Stability, Low Temperature Crystallization and Evaporation
Residues (Tables 21, 24)

The results of the sonic shear tests (Table 24) shov' that all

products tested did not exceed the permissible maximum visccs,-ty change

I
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of 10% at 1500F. The product formulated with Carbowax 20-M came

rather close to failing, presumably du to the relatively high molecular

weight of the Carbowax (20, 000). For this reason, Carbowax 20-M was

eliminated as potential viscosity index improver ( see also Section B, 1).

Data obtained .from the sea water compatibility tests, using

10% sea water per formulation (Table 24) indicate that all fluids would

probably be operable under these conditions since only traces of fine

crystals had formed at 0OF. Test results for high temperature stability,

low temperature crystallization, and evaporation residue are given in

Table 21. All products tested passed the specifications.

7. Effect of Anti-Oxidants on the Autogenous Ignition of HDO
Base Stocks (Table 25)

In Table 25, the effect of various anti-oxidants on the autoge-

nous ignition temperature of HDO 10-2 base stocks are compiled. Since

slightly higher autogenous ignition values were observed in only a few

cases, it is corc]uded that the anti-oxidants tested are not effective in

types of fluids developed under this program.

8. Reproducibility of Base Stock Preparation (Table 26)

Table 26 lists the viscosities, hydroxyl numbers and autoge-

nous ignition temperatures of different preparations of the fluid base stocks

used in the final fluid formulations. Close reproducibility of these physical

properties is required in order to obtain reproducible fluid formulations,

Examination of the data indicate that the viscosities, autogenous ignition

temperatures and hydroxyl numbers check reasonably well among xndividual

preparations of the same base stock with the exception of one MOCA le-8

preparation (run 8073t4).

9. Pump Tests (Table 27)

This test is designed to evaluate wear on the pump parts arnd

shear stabiaity cf the fluids. Since thte pump system describud in
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MIL-H-22072 was not available at this laboratory, we adopted a modified

SAE procedure designed for the evaluation of central hydraulic systems

fluids (2). This test uses a 1960 Ford power steering pump (eight cylinder,

for use without air conditioning), Ford Motor Company part no. COAA3A691-R,

(Eaton Mfg. Co. no. ER-10919-7). The pump was operated at 3000 + 100

r.p.m., the discharge pressure being maintained at 800 psi for 60 seconds

and at 75 p.s.i. for 30 seconds. The fluid inlet temperature was maintained

at approximately 150°F. by means of a heat exchanger. Figure I gives a

schematic illustration of the system. The pumps were run for 100 hours

with a sample of the fluid being withdrawn for analysis after 50 hours. The

weight changes of the pump parts were obtained; and the flulds (including

the 50 hour sample) were examined for changes in physical properties.

The data listed in Table 27 show that some water loss occurred

during all of the tests. This throws considerable doubt on any conclusions

regarding shear stability since a water loss would counteract any viscosity

decrease due to shearing action. Another consistent trend is a lowering of

the pi1 in each case

Of the products which completed the test, the fluid of type I

appears to be superior. We-lght losses on the cam ring, roller vanes and

rotor were relatively low. The tluid of type 2 gave considerably higher wiar,

especially on the roller ,anes. The pump was just barely able to delhv'r

800 lbs. at the end of the test. rhe fluid of type 3 gave a relatively high

weight loss o:n the cam ring. This is the only product where a s5:ght shear

instability can definitely b" proven. In the 50 hour sample, the viscos:ty

decreased by Z cs. despite a water loss. At the end of the run, only 200 lbs.

pressure cculd be obtained. Results cbtained with flu-d of type 4 are incun-

clusive, since the test fluid leaked .rorn a defective seal in the soleno•id somt -

time between 50 and 100 hours.

I



Page 15

10. Final Formulations (Table 28)

Our final formulations are given in Table 28. With the excep-

tion of product 4, all materials meet the specifications sho% n in this table.

Product 4 was reformulated to give product 5 when it became apparent that

both poor reproducibility of the base stock (omposition and the use ()I inhibi-

tor package .t increased the viscosities of the formulated fluid at 2! Y- t''

unacceptably high levels.

Fluids of types i, 2, 3 and 5 have been submitted to tii 1'. S. N,,..

Marine Engineering Laboratory in two quart quantities for lurthter tevalit ',n.

While the fluids of Table 28 are our best fornitilationb to dat,, thvy sholuldi

not necessarily be construed as having the optimum T npos i kt., ,

products could undoubtedly be improved.

IV. CONCLUSIONS AND RECOMMENDATIONS

1. The objective of this project, the development of two fire-

resistant water base hydraulic fluids, was accomplished.

2. The completely formulated fluids have passed all ot th. propow,-d

target specifications but have not been subjected to a pump test act ordinc to

MIL-tt-22072 iWt-p).

3. 1'L, lubrc ity of the developed fluids is , .rl su:p rt , r t1; ta',

the MIL-H-22072 (Wpi fluid as iudged by the resilts ,,btanwon Et,. h [, \

Wear I,'st.

4. A sequence (t, superiority ot the !our subm;itted !'t,(~i .JJTJ' (0

established du.w to th,. ,7:ssing results otf j !,anirg!12 p,",p ta -

. It is ant,- paied 'hat the pr.s,.nt tlui ,,mp,,.-.t : , " b,

il; pr o,%.d by turthtr :.r.:latt,.n st-.oto i.
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VI. EXF: .RIMENTAL

A. Synthesis of Base Stocks

In view of the large number of base stocks prepared during this

project, only the preparation of the four optimum products which were used

in the final formulations will be described here. For the synthesis of th.

other base stocks, the individual bimonthly reports should be constilted( 3),

(4),(5),(6).
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1. Synthesis of BA 18-4 Base Stock

To a 2000 ml. three neck flask, equipped with stirrer, , iing

tube, nitrogen inlet tube, thermonmeter, jacketed addition funnel an, it i-

water cooled condenser with ,iiilry ice condenser on top, there was .r1-p

34.2 g. (1.5 moles) of bisphenol A and 8.0 g. (4.28 per cent b)y w,,igl !,.,.-,,d

on bisphenol A) of powdered potassium hydroxide. The mixture %k.a ai, .i

to 140'C with stirring. A total of 1188 g. (27 moles) of ethylene >lu o , ,,,

addid (tropwise starting at 140',C and at such a rate that the termpt' r• - 0I

the reaction mixture was maintained between 140 and 150'"C. The a ot ion

of ethylene oxide was ternminated after a molar ratio of ethylene, ox,,, Io

bisphenol A of 18:1 had been reached. The temperature of the reac w:; niu-

ture was then lowered to 105'C. and 444.0 g. (6.0 moles) of glycido ' vas

added in a dropwisc manner at such a rate that the pot temperature !'11,6ai1n1

under 120"C. When the addition of glye idol had been completed, the cat tion

mixture was maintained at 105'C. for an additional hour. The resu ing

product was then freed. Low boiling components were then remove I rom

the resulting product by heating to !25'GC in a vacuum of 0.1 mm. H A tot.il

of 1906 g. of liquid product (hydroxyl number - 348), which corresp .I to

96.6 per cent of the theoretical yield, was obtained.

2. Synthesis of IIDO 10-/. Baste Stock

A 2000 nil. three-necked flask equipped with stirrer, dr mnw, ltbc

nitrogen inlet tube, thermonmeter, jacketed addition funnel and ice-v it,.r cool, d

condenser with a dry-ice condenser at the top was charged with 233 ) g.

(1.25 moles) of p-phenoxy phenol and 3.0 g. (1.29 per cent by weight bas.ed

on p-phenoxy phenol) of powdered potassium hydroxide. The mixtui wa.;

heated to 140' C; stirring was started when the p-phenoxy phenol ha, cottiphe. ly

melted. A total of 550.0 g. (12.5 moles) of ethylene oxide was addec 1lropwist

starting at 140 0 C and at such a rate that the temperature of the rea iwn ,n'ix-

ture was maintained between 135-C. and 160 C. The addition of eth Ictc a ,xln,-

was terminated after a ratio of 10 moles of ethylene oxide per nmole t ,-phtixy-

phenol had been reached. The reaction flask was then cooled to tik-ipt.r urv

BEST AVAILABLE COPY
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of I050C and '185 g. (Z.5 moles) oý giycidol %kos added in a dropwise mnanner

.while the pot temnperature was held below 120 0 C. After the glycidol addi-

t~on had be-en comnplete-d, the rcaction mixture was kept at 105'C for .-nother

hour. Low builing co~ilporents wtere- then remioved by healing the reaction

mixture to 225 "C under a vacuum of 0. 1 mm Hig. A total of 953.3 g. of

liquid product (hydroxyl number - 211) was ubtained which corresponds to

98.7 per cent of the theoretical yield.

3. Synthesis of AP 18-2 Base Stock

A 300 mnl. three-necked flask eqpaipped with a stirrer, (Irving

tube, thermometer, nitrogen inlet tube, Jacketed addition fuinnel. and icc-water

cooled condenser with a dry-ice condenser at the top, \vas chargedr wxi!'

39.0 g. (0.2 moles) of p-anilinophcnoi and 0.1 g. (2.56 per cent by wveight

based on p-arilinophenol) of powdered potassium hyrdroxide. The mixture

was then heated to 110 -~C with stirring. A total of J 58.4 g. (3.6 ii-oles) of

ethylene oxide was added dropwi-se starting at 110 'C and at such a rate that

the tem.perature of the reaction m-ixture remained below i5O "C. The addition

of ethylene oxide was terminated after a miolar ratio of ethylene oxideL to

p- anilinophenol of 18:1 had been reached. The reaction mixture w.as then

cooled to a temperature of 103-)C and 29.6 g. (0,4 mroles) of glycidol was

added in a dropwise manner and at, such a rate that the temperature rc-laine'd

below 1100C. After 1the addition of the glycidol had been cornpleted, the redc--

tion miixture was held at 105 OC lor one hour. In the next step lowk boiling

components Nvere remnoved from tho resulting product. by heating, to _225 OC

tinder a vacuium of 0. 1 mmr Hig, A total of 214.7 g, of fluid produii (hyd rox~yl

numbor -202) was obtained, which corresponds to 94.5 per ccnt of the theo-

retical yield.

4. Synthesis of MOCA 12-8 Bas(' Stock

A 500 ml. three -neckod fiask equipped wvith stirrer, d rying t uhe,

nit rogen purge, the rmonitte r, Jacketed addition fuunnei and ice -\'t( r' k oo1( d

Con1dense r with dry -ice condenser at 0-he tot), w%ýas charged with 80.2 g,
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(0.3 molus) of 4 , 4 '-mnethylene bis(Z-chloroaniline) and 3.0 g. (3.75 per cent

by weight based on 4, 4 '-methylene bis(2-chloroaniline) of powdered potassium

hydroxide. rhe mixture ,%as heat.d Io 110 (G; stirring wa,; startt'd when the

4 , 4 '-methyltenc bis(,Z-chloroaniline) had compltely melted. A total of

158.4 g. (3.6 moles) of ethylh wn oxid-2 .as added dropwise starting at 110 0C

and at such a rate that the temperatur-, of the reaction mixture was main-

tained at below 1200C. The addition of ethylene oxide was t crminated after

a ratio of 12 moles of ethylene oxijie per molt of 4,4,- methyle.nc bisi(-chioro-

aniline) had been reached. fhe reaction flask was cooled to a temperature

of 105"C a. 178.0 g. (2.4 nmoles) of glycidol was added in a dropwise manner

while the pot temperaturt, was hel-d indcr 110 -C. After the addition of the

glycid A1 had been conphl'tevo, the reaction mixture was maintaiut.d at 105-C

for another hour. Low 0oiling cin pt.1•cits wevre then re moved from the reac.-

tion mixture by heating to 2-15 C unider a vaciuni of 0. 1 nmim. Hg. A total

of 408.8 g. of liquid product (hydruxyl ximh:le r - 451) was obtained, which

corresponds to 98.4 per cent of theory.

B. Fornmulation Studies

Except for the adjustment of viscositet s, thu forrnulat on experiments

were straightforward aiid need not be firtht r (tIs L ribed. A typical calcula-

tion for adijustment of viscosities IS giwen in Binunthly Report No. 4 (6).

C. Evaluations

All evaluations xuecrC carried nuut by well knowii ASTM procedures, or

as described in specification MN1.4-H2-207Z (Wep) (1). Exceptions were as

follows:

1. Pour Points

Only two cold t-nmpt rature Lcaths, one ,naiintained at -10'F, the

other at -100°F were used.

2. Crystallization Fois

Performed like the pour ptcints. I'he tenmperature at which

crystallization starte(d \ýas defined as thet t rystallizatitn point.

I



Page 20

3. Autogenous Ignition Temperatures

A few drops of the compound were introduced into a porcelain

crucible contained in an electric furnace (approx. 9.5 cm. high, 4.5 cm.

diameter, equipped with a thermocouple). Measurements were started

somewhat below the expected autogenous ignition temperature. The tem-

perature was then raised at an approximate rate of 50F per minute, and

the temperature at which the first flash was observed was recorded. A

clean crucible was used for each determination. The autogenous ignitions

without water were performed in similar fashion. While this procedure

was not as accurate as the ASTM procedure, it was much less time consum-

ing and it gave reasonably reproducible results.0

4. Corrosion Tests

The panel preparation and other test procedures of MIL-t1-22072

(Wep)(l) were used. The metal specimens received from Robert K. Johnston,

San Antonio, Texas, had to be cat to the right dimensions. This left some

of the edges and the center hole of khe galvanized steel specimens unplated.

These panels were regalvanized before use. In place of the metals employed

in MIL-H-22072 (Wep), the following were used: Aluminunm (QQ-A-250 ."4b),

phosphor bronze (QQ-B-750, Conp. A), bronze (MIL-B-16541A(Wep)), galva-

nized steel (QQ-S-698 Gr. 1009, zinc clectroplated per QQ-Z-3Z5A, Type II,

class 1), monel (Monei 400, QQ-N-281, class A), coppcr (QQ-C-576 b), sil-

ver brazing alloy (MIL-B-15395 A(SI-ips), Gr. IV) and steel (QQ-S-698,

Grade 1009).

The same metals were usud in the stirring c orrusion test. 1tIo\k-

ever, in the stirring test, the following metals were connected by nmeans of

stainless steel washers: Brazing alloy and phosphor bronze , phosphor bronze

and steel, brazing alloy and steel, bronze and galvanized steel, bronze and

aluminum, copper and aluniinum, steel and alui inun i.

)Under these conditions, ethlylenc gl ycol ignitud at I) O F.

I
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5. Rubber Swelling

Buna N rubber 0 rings (Precision Rubber Products Corp., Day-

ton, Ohio, AN 6227-14, marking BR) were used. Run at 158 0 F for one week.

6. Foaming Characteristics

The foam tests were performed according to ASTM procedure

D-892 at 75 OF.

7. Sonic Shear Test

Performed by the procedure of Nejak and Dzuna (7).

8. Falex Wear Test

M-10 type journals and V-blocks were used in this test. The

pressure on the journal was raised by 100 lbs. every fifteen minutes, until

a total of 800 lbs. had been reached. At the end of the test, the weight loss

on journal and jaws was determined. For a more detailed procedure, the

literature should be consulted (9)(8).

9. High Temperature Stability and Low Temperature Crystallization
Tests

Performed as described in MIL-H1-22072 (Wep) (1).

10. Evaporation Residue

A 5 ml. sample of the fluid was evaporated at 212 OF in a Petri

dish. After cooling to room temperature, the nature of the residue and its

solubility in water were checked.

11. Compatibility with Sea Water

To a small amount of the fluid, an additional 10% of sea water

was added. Pour points, crystallization points and viscosities at 150"F and

25 ýF were then determined. An aliquot of the sample was then heated in a

test tube. If a phase separation below the boiling point occurred, the temper-

ature was recorded.

12. Pump T,,st

Equipment

(a) Eaton Mig. Company power steering pump (ER-1091-7)
(b) Pump drive 10 Hp electric motor.
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(c) Thermometer to record temperature.
(d) Time activated solenoid control valve.
(e) Pressure gauge 0-150.
(f) Fiex-o-pulse timer to switch solenoid control valve.
(g) Pressure gauge 0-1000.
(h) Water cooled heat exchanger to maintain fluid temp.
(i) Necessary copper tubing, valves and connectors to

assemble pumping circuit as shown in Fig. 1.

Operating Conditions

Pump speed constant at 3000 RPM + 100 RPM
Pump discharge pressure- cycle 800 + 20 psi for 60 sec.

" 1 " " 75 + 15 psi for 30 sec.

Fluid inlet temp. 150°F + 5.
Test duration, 100 hrs. with a sample withdrawn at 50 hrs.
Fluid volume, 2 quarts.

Procedure

The pump was disassembled, cleaned, and the following parts

were weighed: the cam ring, the rotor and the six roller vanes taken as a

unit. The pump was reassembled and inserted into the circuit as shown in

Figure 1. The fluid to be tested (2 quarts) was introduced into the reservoir

while slowly turning the pump drive wheel by hand until both the reservoir

and the system were full. The Flex-o-pulse timer was set and the pump

started. Fhe pressures of 800 lbs. or 75 lbs. were obtained by partially

closing valves A and E respectively (Fig. 1). Since the 1000 lb. gauge

had a tendency to break, valve D was kept closed, except fur occasional

checking. The temperature of the solution was adJusted by circulating cool

water thru the heat exchanger. The test was not started until the tempera-

ture of the flui,. in the reservoi;" was 150 °F. The duration ol tht. test \V% s

100 hrs. with samples taken at 50 hours. The samples wer, checked for

changes in p1l, specitfic gravity, appearance, and viscosity. At the konk lusion

of the test the pump was disassembled and the part, checked for \%e.ir Mid

weight losses.

I
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TABLE I

Summary of Tt-st Mtthods and Targct Objectives for Watcr-B3ist,

Hyydraulic Fluids

Farget Obj.ctive

1. Fitrc R.sistanc

a) Flash Point 450 F (min.)

b) Fire Point 550 F (min.;

c) Autogenous Ignition Temperature 900 F (min.)

d) Compression Ignition (5000 psi) Nonflammable

2. a) Viscosity at 25 'F 850 cs (max.)

b) Viscosity at 150-F 25 - 31 cs

3. Pour Point 0 -F (max.)

4. Shear Stability + 10. at 150 F

5. Specific Gravity at 60,'b60F 1.6 (max.)

t. Lubricity (5000 psi) Operate in Screw and \ariabhe
Piston Punmp

7. Compatibility with Mt.tals Steels, Copper, Copper Alloys,
Bronzes, and Aluknioku.

8. Compatibility with Buna N Rubbe r C,,nipatible

9. C ompatibil itý with S,.a " ater Op. rabic ,. ith 10 d(iu'&, it)

10. Stability

a) Storage -20 to I I0 F"

b) t ," 25 to 18o F

11. Fýamn r,'st No stable flA.is

12. r',txi ty NMIin -.n , I'..,, . .

•. -'tizrI R, i , .,H. R ~ ,:•,•.ehl. b y1, ~ t~v i~i;c r
\.. ;it.- r

I
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r
r TABLE 25

Effect of 0,5%A Antioxidants on the Autogenous Ignition of HDO Base Stock

Product Type Additive A.1. T..

IIDO 632360 None 900, 925

a- P he not hia zine 925

N,N-dipheny1-p--phenylene diarnine 925

Phenyl- 13 napbthylairline 925

Age RliW Resin 1) 925

2,6'-DI-tert, -butyl pheiio! 925

HDO 807314 INone 900,92'5

Antioxidant 2246 (4) 925

(Butylated hydroxyvanitiole (BHA) 925

(Butylated hydroxy toluene (BHT) 925
(3)

Age Rite White' 925

I, 5-Ethyl- 10, 10 -diphenyiphonazasiline 925

HDO 807360 N one 850

1,Pyrogallol 850

Cupric acetyl acetonate 925

IAnti-oxidanit 702 'z 925

ItCobaltic acetyl actonate 8;) 0

Be~nz anil ide 900

9,ret~raphetnyl lead 850

Phi Kiliri'ldt 900

P lie r nylIbe 11".Oat Vt 900 (

Fct rapheniyl tini 87 r

n - Propyl gailate 92.5

Ant hr ayq~iinot 1) q0(0

Pol ymerize t rimie thy id ihyd r uqti 1110 lint (R. I Vadndt r hilt Co.)

N.N l)1-rip~t~l)-p1 3~..:ytn~..t~lrl I .t\ridt-rhil! C~o.)

C; 22 -lt'~vlz~ebis (4-mctihyl -o-ivr! r' !yl piwool) (AmuILerll.a (JvIN.A111W Co')



TABLE 26

Reproducibility of Base Stock Preparation

Viscosity, AIT Hydroxyl No.
Product Reference No. cs. 150°F. OF. Found Theory

BA 18-4 807315 434.1 875 255,253 226
"807336 421.3 850 265,263 "

"807370 448.4 850 251,251 "

" 807373 480.6 900 250,249.5
"807394 469.2 850 253,256

HDO 10-2 807314 113.0 950,925 208 217
"807323 105.5 850 225,224 "

"807327 116.7 850 218,220
"807360 119.4 850 214,216

AP 18-2 807329 206.2 925 202,204 198
" 807335 230.1 950 195,195
" 807355 231.6 850 186,187

"807356 216.0 900 193,194

"807358 216.6 850 188,189
"807374 220.0 875 197,200

MOCP 12-8 807322 6180 875 451,451 486
" 807364 7943 825 439,438 "

" 807377 62.20 875 439,440
"It 807390 I 6449 Not det. 453, 452

" 807390 II 6298 " 449,453

• • • • • • , • • • mm
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